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(57) Abstract: The present invention relates to a process for preparing a 
compound of formula (I): which includes cyclodehydrating a compound 
of formula (II): in the presence of an acid activated clay or acid activated 
zeolite catalyst and in the presence of a suitable solvent. 
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PROCESS FOR PREPARING 3-ARYL-BENZO [b] THIOPHENES 

BACKGROUND OF THE INVENTION 

Compounds of the formula: 




wherein R and R' are the same or different hydroxy 
protecting group; are intermediates to pharmaceutically 
active compounds (see, e.gr., U.S. Patent No. 's 4,075,227, 
4,133,814, 4,418,068, 5,552,401 and 5,723,474). 

According to the procedures described in the above 
mentioned patents and other literature references, these 
intermediates are constructed via an acid catalyzed 
cyclodehydration reaction o£ a compound of the formula: 




Said cyclodehydration reaction results in an initial 
mixture of 6- and 4-OR isomers (nomenclature refers to the 
position of the OR group on the benzothiophene ring) which 
lie in equilibrium with a pair of corresponding aryl 
migrated isomers. These isomers and their relationship to 
each other are illustrated below where the #(#) nomenclature 
refers first to the position of the OR group on the 
benzothiophene ring and refers - second to the position of the 
phenyl-OR' group on the benzothiophene ring: 
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initial Cyclodehydration Products 

OR 



OR" 





4(2) 

Aryl Migrated Products 

The art teaches that the above cyclodehydration can be 
catalyzed with certain acids including mineral and organic 
5 acids such as polyphosphoric , phosphoric and methanesulf onic 
* acid, acidic cation exchange resins such as Amberlyst 15, ^ 
and Lewis acids such as*boron trifluoride etherate (see, 
a g , Tet. Let., 40:2909, 1999; Org. Proc. Res. & Dev., 
3-56 1999; and U.S. Patent No. 's 4,358,593, 5,512,684, 
10 5 969,157 and 5,977,383) . The use of said acids result m 
varying 6 to 4-OR isomer ratios and also vary in their 
amenability toward isolating the 3-aryl isomers, 
'particularly the 6(3) isomer. 

For example, when polyphosphoric, phosphoric or 
15 methanesulfonic acid is employed, and R and R' are both 

methyl, the 6 to 4-OR isomer ratio ranges from about 75:25 
to about 80:20. Furthermore, when these acids are employed, 
it is difficult to isolate either of the initial cyclization 
products since the 2-aryl/3-aryl isomer equilibrium is 
20 quickly established and favors the 2-aryl isomer. 

When Amberlyst 15 is employed, the rearrangement 
reaction is approximately fifty to a hundred times slower 
than the cyclization and hence the 3-aryl isomer can be 
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isolated if desired. However, upon consumption of the 
cyclization starting material (about 7 hours when R and R' 
are both methyl and with a 10% weight loading of the 
Amber lyst 15 resin) , a significant amount of the 3-aryl 
isomer (about 7.4%) has rearranged to the 2-aryl isomer. 
Similarly, when one of R or R' is hydrogen and the other is 
methyl about 8.1% of the 3-aryl isomer in both cases has 
rearranged to the 2-aryl isomer. Moreover, use of Amberlyst 
15 affords about a 88:12 in situ mixture of 6 and 4-OR 
isomers when R and R' are methyl, a ratio of 88:12 when R is 
hydrogen and R' is methyl and 90:10 when R is methyl and R' 
is hydrogen. 

Although the 3-aryl isomer is accessible when boron 
trifluoride is employed, in order to obtain reasonable 
yields the reaction must be run neat. Furthermore, use of 
this acid on a compound where R and R' are both methyl 
results in 6 to 4-OR isomer ratios comparable to that of 
polyphospiioric acid (about 6:1). Work-up and product 
isolation requires quenching and removing the acid via 
solvent extractions . 
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BRIEF SUMMARY OP THE INVENTION 

The present invention relates to a process for 
preparing a compound of formula I: 




I; 

wherein 



in : 

Rl and R2 are independently hydrogen or a hydroxy 
protecting group.- vhich includes cyclodehydrating a co^ound 
of formula II: 




6 

ii; 



in the presence of an acid activated clay or acid activated 
Colite catalyst and in the presence*of a suitable solvent. 

DETAILED DESCRIPTION OP THE INVENTION 

General terms used in the description of <= h ^= al 
formulas hear their usual meanings. For -ample the term 
-hydroxy protecting group" denotes a group understood by one 
s K Ille7in the organic chemical arts of the type descried 
in C^Pter 2 of -Protective groups in Organic -the-- 2nd 

i- =.7 Tohn Wiley & Sons, New YorK, 
Edition, T. H. Greene, et al., Jonn wney 

1991, hereafter "Greene". 

Representative hydroxy protecting groups -elude for 
example, Cl -C 6 alKyl and substituted Cl -C 6 a 13cyl -eluding 
5 methyl, ethyl, isopropyl, cyclopropyl, methoxymethyl , 
methyl thiomethyl, tert-buylthiomethyl , 

(phenyldimethylsilyl)methoxymethyl, benzyloxymethyl , p- 
.ethoxy-benzyloxymethyl, t er t-butoxy-methy 1 ; ethoxyethyl, 1- 
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(2-chloroethoxy) ethyl, 2 , 2 , 2-trichloroethoxymethyl , and 2- 
( trimethylsilyl) ethyl; phenyl and substituted phenyl groups 
such as p-chlorophenyl, p-methoxyphenyl , and 2,4- 
dinitrophenyl ; benzyl groups; alkylsilyl groups such as 
trimethyl- triethyl- and triisopropylsilyl ; mixed alkylsilyl 
groups such as dimethylisopropylsilyl, and 

di ethyl isopropylsilyl; acyl protecting groups such as those 
of the general formula COCi-Cg alkyl or COAr; and esters of 
the general formula CC^Ci-Cg alkyl, or CC^Ar, where Ar is 
phenyl or substituted phenyl as described above. 

The term "suitable solvent" refers to any solvent, or 
mixture of solvents, inert to the ongoing reaction that 
sufficiently solubilizes the reactants to afford a medium 
within which to effect the desired reaction. Suitable 
solvents include methylene chloride, chloroform, 1,2- 
dichloroethane, diethyl ether, acetonitrile, ethyl acetate, 
1 , 3-dimethyl-2-imidazolidinone, 1 , 4-dioxane, 
-tetrahydrofuran, toluene, ch^.orobenzene, N- 

--methylpyrrolidinone, toluene, xylene, halophenyl solvents 
such as chlorobenzene, etheral solvents such as glyme, 
diglyme and ethyl eneglycol diether ether, mixtures thereof, 
and the like. Toluene is a preferred solvent. 

The term x% acid-activated clay" refers to clays that are 
derived from the naturally occurring ore bentonite or the 
mineral montmorillonite and includes materials prepared by 
calcination, washing or leaching with mineral acid, ion 
exchange or any combination thereof including materials 
which are often called montmorillonites , acid-activated 
mbntmorillonites and activated montmorillonites. These 
clays contain both Bronsted as well as Lewis acid active 
sites with many of the acidic sites located within the clay 
lattice. Such clays include, but are not limited to the 
materials denoted as, montmorillonite K10, montmorillonite 
clay, clayzic, clayfen, the Engelhardt series of catalysts 
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related to and including X-9107, X9105, Girdler KSF, Tonsil 
and K-catalysts derived from montmorillonite including but 
not limited to K5, K10, K20 and K30, KSF, KSF/O, and KP10. 
The clays with predominate Bronsted acidity (KSF, KSF/O and 
KP10) are preferred with KSF/O and KP10 being more 
preferred. Another preferred clay is K5 . Other preferred 
acid activated clays are X-9105 and X-9107 acid washed clay 
catalysts marketed by Engelhard. 

The term « zeolite" refers to aluminosilicates of the 
group IA or group II A elements and are related to 
montmorillonite clays that are or have been acid activated. 
They consist of an infinitely extending framework of A10 4 
and Si0 4 tetrahedra linked to each other by the sharing of 
oxygens. The framework structure contains channels or 
interconnecting voids that are occupied by cations and water 
molecules. Acidic character is imparted or enhanced by ion 
exchange of the cations typically with ammonium ion and 
subsequent thermal deamination or calcination- The acidic 
sites are primarily located within the lattice pores and 
channels. Such zeolites include, but are not limited to, 
the beta type * zeolites as typified by CP814E manufactured by 
Zeolyst International, the mordenite form of zeolites as 
typified by CBV21A manufactured by Zeolyst International, 
the Y type zeolites as typified by CBV-720 manufactured by 
Zeolyst International, the ZSM family of zeolites as 
typified by ZSM-5, and ZSM-11. 

The process of the present invention is illustrated in 
Scheme 1 below. 
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Scheme 1 




The instant process involves contacting a compound of 
formula II dissolved in a suitable solvent with an acid 
activated clay or zeolite to effect a cyclodehydration 
reaction affording a 3-arylbenzo [b] thiophene . As the 
reaction generates water, conducting the reaction at 
elevated temperature wherein the water generated can be 
removed by distillation is preferred and particularly 
preferred is the use of a reaction solvent which forms 
binary azeo tropes with water. Toluene is a 

preferred. solvent for the practice of this invention. The 
cyclodehydration reaction rate can be increased by 
increasing the amount of clay or zeolite catalyst used. 

The time required to effect the overall transformation 
will be dependent upon the temperature at which the 
reactions are run and the catalyst loading.- Therefore, the 
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L5 



progress of the reactions should be monitored via 

:::Ltionai ..... - 

reactions are substantially collate ^ 
progress o £ chemical reacts rs well w thrn ^ ^ 

billed artisan's capab. ^ » ^ reaction completi on 
hinary water aseotrope. « ^ removal o, water. 

i q easily monitored by the azeouiup 

Le reaction completion is achieved the " 

4= -*->w*-r the hot reaction mixture or 
^ vv^r -Fill-ration of either tne nuu 
removed r>y tii^atxuu _^^ lir .+- solution 

aft er cooling, Do. to the high yield, the P~*"*^£ 
„ v ba use d as is in subsequent reactions or the product 
may £>e usea . , . a f so lvent removal- 

mavbe isolated by conventional methods for sol 
may c nrpc . e nt invention may 

Some of the catalysts of the present xnv 

,.>, D i vi S e For example, 
nrecruire activation prior to their use. 

CP814E and CBV2 1 A catalysts are co^ercially supplied rn 

allien, form where a^noniu™ ions serve as the catron 

^terbalancing the negative charge o £ the a — 

• i 4 ™ t- e lattice. These catalysts pan be activated by 
silicate lattice. . ration from 

heating which drives * 
an ammonium ion to a proton. a ire 

,_ . • „ of hydration and may require 

are suoplied containing water 01 "Y^- 

a^tloLl activation by thermal or azeotropic drym 9 to 
remove the water of hydration prior to use. 

Preferred compounds of formula II for use m the 

R 2 is methyl, isopropyl or ^^^J include , but 
Thus, preferred products of the above reactio 
0 are not limited to, 6-hydroxy-3- (4-hydroxy 
phenyl )benzo [b] thiophene, 6-isopropoxy-3- (4- 
methoxyphenyDbenzo [b] thiophene, 6-benzyloxy-3- - 
methoxyphenyl)benzo[b] thiophene and 6-methoxy-3- - 
methoxyphenyl ) benzo [b] thiophene . 
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As discussed above, meaningful access to compounds of 
formula I has heretofore been limited to use of cation 
exchange resins such as Amberlyst 15 and Lewis Acid 
catalysts such as boron trifluoride. The use of the acid 
catalysts claimed herein provide surprising and unexpected 
advantages relative to Amberlyst 15. For example, upon 
complete consumption of the starting material (formula II 
compound) , the present process offers a superior 3 to 2-aryl 
isomer ratio. In addition, when R 1 and R 2 are both hydroxy 
protecting groups, the present process offers a superior 6 
to 4-OR 1 isomer product ratio. 

With a 10% weight loading of the Amberlyst 15 resin, 
complete consumption of a compound of formula II, where both 
R 1 and R 2 are methyl, is observed at 7 hours. At this time, 
the reaction mixture consists of 82.6% 6(3) isomer and 6.6% 
6(2) isomer. Thus, 7.4% of the 6(3) isomer present has 
already undergone migration to the 6(2) isomer. In 
contrast, with the clay catalyst X-9107, loaded wet at 15%, 
consumption of the above starting material is observed in 3 
hours. At this point, the reaction mixture consists of 
95.8% 6(3) isomer and 3.9% 6(2) isomer. Thus, the extent of 
aryl migration using an acid of the present invention is 
only 3.9%. 

The following table compares the 6 to 4-OR 1 isomer 
ratio observed in cyclodehy drat ions of a compound of formula 
II, where both R 1 and R 2 are methyl, employing Amberlyst 15, 
polyphosphoric acid, boron trifluoride etherate, and 
representative acid catalysts of the present invention. 
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10 



15 




, o£ formu la II where both and R* are 
For a compound of tormux* in 

• 6 to 4-OR 1 isomer ratio in 

methyl, the average xn sxtu 6 ^ 

. . _ n _ b trials using Amberlyst xa wct & 
twelve replxcate lab tria 3 _ aryl isome r 

12% while the average xsolated yxeld identi cal 
was 78 .6 % (see Example 8,. <«7^^ th e average 
scale trials using the Bentonxte ^ ^ ^ ^ 
in sitU - to iso^ ^xo wa _ ^ ^ 

average isolated yield of the J a y 

Example 7) . „„,,alvsts claimed herein also 

^ use of the ^ tri£ luoride 

provide advantages rela tive t trif luoride promot ed 

promoted reaction. Unlike ^ ^ ^ 

process, the solvent used« * 

recycled. Furthermore ^ n o£ the product 

promoted process, workup and isoi 
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prepared by the present process simply requires filtration 
to remove the insoluble acid catalyst. The desired product 
can then be further used in solution or isolated by simple 
solvent removal. Moreover, when R 1 and R 2 are both hydroxy 
protecting groups, the present process offers a superior 6 
to 4-OR 1 isomer product ratio. 

To assess potential effects of catalyst loading on the 
cyclodehydration reactipn rate, and on the 6- to 4-OR 1 
isomer ratio, reactions of a compound of formula II where R 1 
is H and R 2 is methyl and a compound of formula II where R 1 
and R 2 are both methyl, at two different concentrations in 
toluene (146mM and 729mM) , were run with a 5%, 15% and 25% 
weight loading of Bentonite Clay X-9107 relative to the 
weight of substrate charged. The resulting 6 to 4-OR 1 
isomer ratio in the cyclodehydration with both of the above 
formula II compounds remained constant regardless of the 
clay catalyst loading. The resulting 6 to 4-OR 1 isomer 
ratio was alsso independent of reaction concentration. 
Catalyst loading, as well as the reaction concentration, can 
impact the reaction rate with higher reaction concentrations 
and, in particular, higher catalyst loading resulting in 
faster reaction rates. 

In another embodiment of the present invention, a 
compound of formula I, either after isolation or after 
preparation in situ, may be treated with polyphosphoric 
acid, or mixture of polyphosphoric and phosphoric acids, or 
treated with methanesulf onic acid to effect aryl migration 
and conversion to a compound of formula III as described in 
U.S. Patent No.'s 4,380,635, 5,969,157 and 5,512,684, the 
teachings of which are hereby incorporated by reference. 
The improvement in 6 to 4-OR 1 isomer ratio discussed above, 
using the acids of the present invention for the 
cyclodehydration reaction, is reflected in isolated yields 
of the formula III .compound. 
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In another preferred embodiment, a compound of formula 
III is acylated, optionally deprotected and optionally 
salified to form a compound of formula IV: 



or a pharmaceutical salt thereof; wherein: 
p is 0, 1 or 2; and 

R 3 and R 4 are independently C!-C 4 alkyl, or combine 
together with the nitrogen to which they are attached to 
10 form a piperidinyl, pyrrolidinyl , methylpyrrolidinyl , 
dimethylpyrrolidinyl , morpholino, dime thy lamino , 
diethylamino, or 1-hexamethyleneimino ring. 

The acylation and optional deprotection and 
$ salification reactions may be perfomSed essentially as 
15 described in U.S. Patent No.'s 4,380,635, 4,418,068, 

5,512,684, 5:523,416, 5,629,425, 5,731,327, 5,969,157 and 
5,977,383 the teachings of each are herein incorporated by 
reference. The hydrochloride salt of a compound of formula 
IV where R 1 and R 2 is hydrogen and R 3 and R 4 combine to fom 
20 a piperidinyl ring is a preferred product. 

In another preferred embodiment, a compound of formula 
III may be 3-halogenated, S-oxidized, have the 3-halo group 
displaced, reduced, optionally deprotected, and optionally 
salified to prepare a compound of formula V: 




5 



25 
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p is 0, 1 or 2; 

R 3 and R 4 are independently C1-C4 alkyl, or combine 
together with the nitrogen to which they are attached to 
form a piperidinyl, pyrrolidinyl , methylpyrrolidinyl , 
dime thy lpyrrolidinyl , morpholino, dimethylamino, 
diethylamino, or 1-hexamethyleneimino ring; and 

X is O or CO; 
or pharmaceutical salt thereof. 

In a particularly preferred embodiment, a compound of 
formula I may be used to prepare a compound of formula VI 
and VII: 




VII. 



The 3-halogenation, oxidation, nucleophilic 
displacement of halo, reduction, and optional deprotection 
and salification reactions may be performed essentially as 
described in U.S. Patent No.'s 5,510,357, 5,512,684, 
5,523,416, 5,723,474, 5,969,157 and 5,977,3.83 and PCT 
Publication No.'s WO 01/09115 and WO 01/09116, the teachings 
of which are hereby incorporated by reference. The 
hydrochloride salt of compound of formula V where Rl is 
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15 



o . ..v. i ^nrl r3 and R 4 combine to form 
hydrogen, R 2 is methyl, and R ana * 

mention are typically commercially available, however, 
g eneral methods for their preparation are described xn 

. r, 982-1901-10, 1987 and references 

Trans. Soc. Min. Eng., 282.1901 lu, 

, . fnrmula ii are known xn the art ana 
therein. Compounds of formula n d by 

are generally commercially available or can be prepared 
me thods well Known in the art from readrly available . 
starting materials. The compounds of formula XI may be 

I according to procedures described in U.S. Serral * 
prepared according top on ^ 

No. 09/XXX,XXX (Attorney Docket No. X 14145) 
same day as X- 14146. 

Preparations 

Preparation 1 

Representative Procedure for Catalyst Activation ^ 
A 3.0 gro sa^le of seolite catalyst CBV-21A wasneateo 

was activated in a similar manner. 
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Examples 

Example 1 

6 -Methoxy- 3 - ( 4 -me thoxyphenyl ) benzo t b ] thiophene 

Toluene (100 ml), a- (3-methoxyphenylthio) -4- 
methoxyacetophenone (4.21 gm) and "acid-activated clay" 
(Engelhard X-9107 0.63 gm) were combined and heated to 
reflux. The water present in the catalyst as well as the 
water generated in the reaction was removed using a Dean 
Stark trap. The disappearance of starting material as well 
as the appearance of product was monitored by HPLC. After 2 
hour at reflux less than 1% of the starting material 
remained. By HPLC the reaction mixture consisted of 96.7% 
6 -methoxy - 3 - ( 4 -me thoxyphenyl ) berjzo [b] thiophene, 1.1% 6- 
methoxy-2- ( 4-methoxyphenyl ) benzo [b] thiophene , 2 . 1% 4- 
methoxy-3- (4-methoxyphenyl)benzo [b] thiophene and 0.1% 4- 
methoxy-2- (4-ffiethoxyphenyl)benzo [b] thiophene. HPLC? system 
used to monitor the reaction: 

Column: Zorbax SB C18 4.6 x 150 mm, 3.5 micron 

Buffer: 25 nM Phosphate Buffer, pH 2 . 5 (2.38 gm 

KH 2 P0 4 pH to 2.5 with H3PO4 (85%/L Millipore water) 

Organic : Acetonitrile 

Column Temperature: 40°C 

Flow rate: 1.5 ml/min 

Detection: UV, 280 nm 

Injection Volume: 10 ml 

Run time: 37 minutes 

Gradient: Time in minutes (%ACN) 0(48); 3.3(48); 
28.6(55); 32(55); 32.6(48); 37(48). 
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Example 2 

6 -Hydroxy- 3- ( 4-methoxyphenyl ) benzo [b] thiophene 

Toluene ( 1 0 0 ml ) , a- ( 3 -hydroxyphenyl thi o ) - 4 - 
5 methoxyacetophenone (4.00 gm) and "acid-activated clay" 
(Engelhard X-9107 0.6 gm) were combined and heated to 
reflux. The water present in the catalyst as well as the 
water generated in the reaction was removed using a Dean 
Stark trap. The disappearance of starting material as well 

10 as the appearance of product was monitored by HPLC. After 6 
hour at reflux less than 0.3% of the starting material 
remained. By HPLC the reaction mixture consisted of 86.2% 
6 -hydroxy - 3 - (4-methoxyphenyl) benzo [b] thiophene, 5.1% 6- 
hydroxy-2- ( 4-methoxyphenyl) benzo [b] thiophene, 8.5% 4- 

15 hydroxy-3- (4-methoxyphenyl ) benzo [b] thiophene and 0.2% 4- 

hydroxy-2- (4-methoxyphenyl) benzo [b] thiophene . HPLjC system 
used to monitor the reaction same as in Example 1 except 
gradient as follows: 0(38); 3.3(38); 23.6(45); 32(45); 
32.6(38) ; 37(38) . 

20 

Example 3 

6-Methoxy-3- ( 4-hydroxyphenyl) benzo [b] thiophene 

Toluene (100 ml), a- (3-methoxyphenylthio) -4- 
25 hydroxyacetophenone (4.00 gm) and "acid-activated clay" 
(Engelhard X-9107 0.6 gm) were combined and heated to 
reflux.. The water present in the catalyst as well as the 
water generated in the reaction was removed using a Dean 
Stark trap. The disappearance of starting material as well 
30 as the appearance of product was monitored by HPLC. After 7 
hour at. reflux less than 1% of the starting material 
remained. By HPLC the reaction mixture consisted of 91.7% 
6 -me thoxy- 3 - (4-hydroxyphenyl) benzo [b] thiophene, 2.2% 6- 
methoxy-2- (4-hydroxyphenyl) benzo [b] thiophene, 5.8% 4- 
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methoxy-3- ( 4 -hydr oxypheny 1 ) benzo [b] thiophene and 0.3% 4- 
methoxy-2~ ( 4 -hy dr oxypheny 1) benzo [b] thiophene . HPLC system 
used to monitor the reaction same as Example 2 . 

Example 4 

6 -Hydroxy- 3- (4-hydroxyphenyl) benzo [b] thiophene 

Toluene (100 ml), a- ( 3 -hy dr oxypheny lthio) -4- 
hydroxyacetophenone (3.80 gm) and M acid-activated clay' 7 
(Engelhard X-9107 0.57 gm) were combined and heated to 
reflux. The water present in the catalyst as well as the 
water generated in the reaction was removed using a Dean 
Stark trap. The disappearance of starting material as well 
as the appearance of product was monitored by HPLC. After 7 
hour at reflux less than 12% of the starting material 
remained. By HPLC the ratio of 6 to 4-OR 1 benzo [b] thiophene 
isomers was 84.1% to 15.8%. HPLC system used to monitor the 
reaction same as Example 1 excepl gradient as follows : 
0(28); 3.3(28); 28.6(35); 32(35); 32.6(28); 37(28). 

Example 5 

Catalyst Screening for Cyclodehydration of oc~(3- 
methoxyphenylthio) -4-methoxyacetophenone 

Toluene (100 ml), a- (3-methoxyphenylthio) -4- 
methoxyacetophenone (4.21 gm) and 0.63 gm of catalyst were 
combined and heated to reflux. The water present in the 
catalyst as well as the water generated in the reaction was 
removed using a Dean Stark trap. The disappearance of 
starting material as well as the appearance of product was 
monitored by HPLC using the HPLC system provided in Example 
1. 
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catalyst screen rn ^ _ 4 . m „ ace topnenone 
hydroxyphenyltnioi 

,, „_i3-hyoroxyphenylthio>-4- 
Toluene (100 ml) . <* Y o£ oatalyst were 

^'^le water present In tne 
coined and nested to reflux- ^ ^ ^ rea=tion was 

catalyst as well as tne wate a ai3app earanee of 

removed usln, a Bean Star* ^ rf 

st artln 3 material as wel ^ as ^ ExOTpl e 

monit ored *y -n. Me indl=ated belo „ rn 

2 . The results ot t." 

Table 2. Table_2 
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Z^vl) benzo [b] tbiophene 
6 _ M etboxy-2- (4-metboxypbenyDb 
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Toluene (300 ml), a- ( 3 -methoxyphenylthio) -4- 
methoxyacetophenone (97.5 gm) and n acid-activated clay" 
(Engelhard X-9107 14.6 gm) were combined and heated to 
5 reflux. The water present in the catalyst as well as the 
water generated in the reaction was removed by using a Dean 
Stark trap. Heating was continued until water removal 
ceased. At this point the reaction mixture was held at 
reflux for an additional 1 hour. After a total of 4 hours 

10 the ratio of total 6- to 4-OR 1 isomers was determined using 
the HPLC system given in Example 1. The catalyst was 
removed by hot filtration and washed with 3 0 ml of hot 
toluene. To the combined filtrate and wash was added 3 4.5 
gm of methanesulf onic acid. The resulting reaction mixture 

15 was stirred for approximately 5 hours at 85-90°C. At 85- 

9.0°C 135 ml of heptanes was added and the resulting mixture 
stirred for 1 hour at 85-90°C. The reaction mixture was 
^adjusted to 75-S5°C, stirred for 3 hours and 240 ml of: 

isopropanol slowly added followed by stirring at 80-90°C for 

20 30 minutes. The resulting slurry was cooled to 0-10°C, 

stirred for 2 hours, a mixture of 63. ml of toluene and 27 ml 
of isopropanol added, the solids isolated by filtration, 
washed with 78 ml of 4:1 toluene/isopropanol and vacuum 
dried at 40°C to afford 6-methoxy-2- (4- 

25 methoxyphenyl)benzo [b] thiophene. The results of three 
replicate trials are shown below in Table 3 . 
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Trial # 





isolated! 
Yield I 


purity 1 


In~~sItuT 
% 6-OR 1 1 


in situ 
% 4_ OR 1 1 




isomer 1 


isomer 

~"~270% 






3T0% 
1 275% 




"T99T4%" 




1 2.5% 
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e^i®-^ „rW\thiophene 
6-Methoxy-2-<>* 

-Toluene (600 ml) , «-(3 m q£ ^erlyst 15 

xvacetopnenone (195 gm) and 19- presen t 
raethoxyacetop fco ref iux. paction 

reS in were combxned and gene rated xn the rea 

i, the resin as well fcrap / Heating was 

55 o^oved by using a Dean s> nt tne 

ed ltll water removal ceased. ^ using the 

continued untxx is0 mers was determ 

rat io of total S- to 4^R was emoved *r 

H P L C system 60 ml of not toluene, 

hot filtration and washe 69 gm of 

* filtrate and wash was ad ion mix ture was 

combined fxltra reSU lting reaction 

n^n-ic acxd- iIlt! Qn o r At 85-y u v - 

metnanesulfonxc * 85 _ 90 C 

stitre d for w results 

- i hour at 85-9 0 480 ml of 

S " rI t d t o 75-85°C. stirred for 3 j;* g at 80 . 90 °C for 

adjusted to 75 £oUoued fcy strrrrng ^ 

is opropano! slow ^ ^ ^ ^ to ^ ^ 

washed with 156 mi 
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dried at 40°C to afford 6-methoxy-2- (4- 

methoxyphenyl) benzo [b] thiophene . The results of twelve 
replicate trials are shown below in Table 4. 



Table 4 



Trial # 


in 7 t~ii 


— t. J. J. tj -X. O 


Isolat 


Purity 




% 6- OR 1 


%4- OR 1 


ed 






isomer 


isomer 


Yield 




i 


88 . 0% 


12 . 0% 


76 . 6% 


98.8% 




Q *7 cr q, 
O / . D'S 


Iz . D-6 


TO oa 

/ o . .i^s 




3 


88 . 0% 


12 . 0% 


18. 8% 


99 . 0% 


4 


87 .0% 


13 . 0% 


77.5% 


98. 4% 


5 


89.0% 


11. 0% 


79.8% 


99.1% 


6 


88 .5% 


11. 5% 


78.4% 


100.8% 


7 


88.5% 


11.5% 


79.0% 


101. 4% 


8 


87 . 0% 


13 . 0% 


78.8% 


100 .3% 


9 


87 .5% 


12 . 5 r % 


79.3% 


100.5% 


10 


88.0% 


12. 0% 


77.5% 


102 .9% 


11 


88 . 0% 


12 .0% 


78.8% 


100 .1% 


12 


87 . 0% 


13.0% 


80.3% 


100 . 6% 


Average 


87-8% 


12.2% 


78.6% 


99.9% 
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CLAIMS 

WE CLAIM: 



T' A process for preparing a compound o£ formula I, 

9. 




i; 

wherein : 



Rl'and Tfl are independently hydrogen or a hydroxy 
pr otecting group; which comprises cyclodehydrating a 
compound of formula II: 




10 



o 

II; 



^-i^t-ed clay or acid activated 
in the presence of an acxd actxvated cl y 
Z eolite catalyst and In the presence of a suxtabl 

2 The process of Claim 1 wherein the compound of 
15 2 - p i • tt henZ vl, methyl or 

formula II is a compound where xs H, benzyl, 

formuxa xx compound 

isopropyl and the compound of formula XXI is 
where R2 is H, benzyl, methyl or isopropyl. 

_ ... claim 1 or Claim 2 wherein 
on 3 The process of exther Claim x 

*\ formula II is a compound where Rl xs methyl 
the compound of formula xx 

or benzyl and wherein the compound of formula HI 
compound where R 2 is methyl . 

4 The process according to any one of Claims 1-3 
25 rai-alvst is Bentonite 

wherein the solvent is toluene, the 
X-9107 and the process is performed at the reflux 
temperature of the mixture. 
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5. The process according to any one of Claims 1-3 
wherein the solvent is toluene, the catalyst is K5 and the 
process is performed at the reflux temperature of the 
mixture . 



V; 

or an acid addition salt thereof; 
wherein: 

p is 0, 1 or 2; 

R 3 and R 4 are independently C1-C4 alkyl, or combine 
together with the nitrogen to which they are attached v to 
form a piperidinyl, pyrrolidinyl, methylpyrrolidinyl , 
dimethylpyrrolidinyl , morpholino , dime thylamino , 
diethylamino, or 1-hexamethyleneimino ring; and 

X is 0 or CO; 

the improvement which comprises the process of Claim 1. 

7 . The process of claim 5 wherein the compound of 
formula V is of the formula VI : 



6. 



In a process for preparing a compound of formula 



V: 




HO 




VI 



or a pharmaceutically acceptable salt thereof . 
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8. The process of claim 5 wherein the compound of 
formula V is of the formula VII: 




VII 



or a 



pharmaceutical^ acceptable salt thereof 



